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Abstract

-ti' has been shown previously that surgical lesions of the antero-medial

thalamus interfere with ocu!ar dominance modifications that normally result from

monocular deprivation in young kittens-(Siner, 1982Y The aim of the present

study was to determine whether this effect was due specifically to the

destruction of the visual cortical projections of the anterior intralaminar nuclei.

We report here that large excitotoxin lesions of the anterior dorsal thalamus

have no effect on the cortical response to monocular deprivation. These data

indicate that the intralaminar projection is not essential for ocular dominance

plasticity- ..
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Introduction

The modification of visual cortica! organization by sensory experience is

recognized to be an important component of early postnatal development. It is

apparent, however, that these experience-dependent modifications are

influenced profoundly by signals of non-retinal origin. For instance, an ocular

dominance (OD) shift in area 17 after monocular deprivation (MD) seems to

require that the animal attends to visual stimuli and uses visi, to guide

behavior (Singer, 1979; Singer et al., 1982; Singer, 1982). These observations

have led to the idea 'hat modifications of the visual cortex depend upon the

presence of extra-retinal "gating" signals which convey information about the

behavioral state of the animal (Singer, 1979).

Over the past several years, we have sought to identify the neural substrate of

these gating signals. Naturally, our attention has been focused on the non-

geniculate afferent projections to striate cortex. One such projection arises

from the intralaminar nuclei of the dorsal thalamus. The idea that these thalamic

nuclei provide the necessary extra-retinal signals is attractive for a number of

reasons. For instance, the intralaminar nuclei project diffusely to all of the

neocortex (Jones and Leavitt. 1974; Kaufman and Rosenquist, 1984a), receive

direct connections from the midbrain reticular formation (MRF; Edwards and

DeOlmos, 1976; Steriade and Glenn, 1982; Kaufman and Rosenquist, 1984b),

and are thought to mediate reticular activation of the cortical EEG (Moruzzi,

1972; Glenn and Steriade, 1982). Moreover, electrical stimulation of the

intralaminar nuclei produces conjugate si .;cadic eye movements (Scilag and

Schlag-Rey, 1971), and a substantial enhancement of visually evoked

potentials in area 17 (Singer and Rauschecker, 1982).
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7The hitralaminar projection to striate cortex arises from the central lateral (CL),

central medial (CM) and paracentral (PC) nuclei, which are embedded in the

internal medullary lamina (IML) of the thalamus,(Cunningham and LeVay,

1987). In the present study, we have examin'd the possible involvement of

these intralaminar nuclei In visual cortical nlasticity by producing lesions of the

thalamus with .he excitotoxin N-methyl aspartate (NMA)-iQ.ch- destroys

neurons, but spares axons of passage (Nadferi, et-al-11981). Our strategy was

to destroy all the portions of the CL-PC complex that project to area 17, and

then test for a deficit in the OD shift that normally occurs after 7-10 days of MD. (._ Dj•

Materials and Methods

Six kittens were used in this study (Table 1). Three kittens were reared in the

dark prior to the thalamic lesions; three animals were reared normally in the

lighted colony. At 4-5 weeks of age, each animal was anesthetized with a

ketamine-xylazine mixture and placed in a stereotaxic head-holder. A small

hole was drilled in the skull and a 5 il. Hamilton syringe was lowered tc a

position 12 mm above the interaural line at AS and L3. 1-2 pl of a 50 pg/pl

solution of NMA (pH - 7) was injected rapidly over 5 minutes into the thalamus

on the left side. The needle was withdrawn and the right eyelid was sutured

closed.

Approximately 10 days later, each kitten was prepared for a routine ocular

dominance assay of striate cor.ex. Details of the surgical preparation may be

found elsewhere (Singer, 1982). During the recording session, the kittens were

artificially respired on 70% nitrous oxide and 30% oxygen, and received a

continuous intravenous infusion of Nembutal (2 mg/ kg/ hr) and Imbretil (1 mg/

4
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ka/ hr) in Ringer's solution. The EEG, ECG and expired C02 were monitored

continuously. Single unitG were recorded from area 17 with micropipettes filled

with 1.5 M potassium ci... ,e (impedance - 15 M92). Long electrode

penetrations, angled obliquely, were made down the medial bank -"f the

postlateral gyrus through the area centralis representation. Each unit

encountered along this track was assigned to one of 5 ocular dominance ¶

groups. Neurons in groups 1 and 5 were activated by stimulation of the 9,

deprived or non-deprived eyes, respectively, but not both. Neurons assigned to

grcup 3 were activated equally strongly by stimulation of either eye. Cells in

groups 2 and 4 were binocular but dominated by either the deprived or non-

deprived eyes, respectively. In addition, each unit was classsified subjectively

for response quality, orient3tion and velocity tuning, spontaneous activity, and

receptive field type ("simple" or "complex").

In 3 out of 6 cases we also tested for reticular facilitation of cortical evoked

potentials recorded through surface EEG electrodes positioned at 12 and L12

on each side (APO). Bipolar concentric 3timulating electrodes were inserted

stereotaxically into the optic chiasm and in the MRF (A2, L2, V2). Stimulus

pulses were delivered through these electrodes that had a duration of 50 gsec

and an intensity of between 50 to 200 ,A (sea Singer et al., 1976 for further

details).

At the end of the recording session, the animal was killed with an overdose of

sodium pentobarbital and was perfused through the ascending aorta with 10%

buffered formalin (pH 7.4). The brain was subsequently sectioned in the

coronal plane. The sections were mounted onto microsccpe slides and stained

for Nissl substance with cresyl violet acetate. The thalamic sections were
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projected onto paper and drawn. The extent of the thalamic lesion was

reconstructed from these drawings.

Results

A representative NMA lesion of the dorsal thalamus, from kitten K162, is

reconstructed in figure 1. The region of total neuronal ccll loss (hatched area)

includes all portions of the anterior intrajaminar nuclei that project directly to

visual cortex (Kaufman and Rosenquist, 1984a ; Cunningham and LeVay, 1987;

Bear and Singer, personal observations). In addition, several other nuc!ei of

the thalamus were destroyed to varying degrees including AM, VA, MD, VL, VB,

VM, LA, LP, and CM (see legend of figure 1 for abbreviations). A

photomicrograph of another lesion, from K163, is presented in figure 2.

The lesions produced a pronounced motor asymmetry. For the first few days

after surgery, the kittens turned compulsively to the left (ipsilateral to the lesion).

This motor disturbance usually subsided as the week progressed. However,

even after the obvious ipsiversive turning had ceased, the animals continued to

orient preferentially to the left in response to novel stimuli.

Despite the extensive thalamic damage and behavioral disruption, 10 days of

monocular deprivation still produced a strong ocular dominance shift in, area 17

ipsilateral to the lesion (Table 1). This was the case regardless of whether the

animals had been reared previously in the darkroom or in the lighted colony. A

representative OD histogram, obtained from kitten K162, is presented in figure

1(a). Other receptive field properties, like orientation and velocity tuning, were

also apparently unaftected by the lesions.
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At the end of the recording sessions in 3 cases (K161, K163, K182; Table 1) we

tested for deficits in the MRF facilitation of cortical potentials evoked by electrical

stimulation of the optic chiasm . We found no clear asymmetry in the reticular

activation of the two hemispheres despite the destruction of the intralaminar

nuclei on one side. A brief train of MRF stimulation (4 pulses at 15 msec

intervals) elicited negative cortical potentials on both sides and facilitated the

evoked responses to an optic chiasm stimulation delivered 100 msec after the

MRF stimulus (data not shown).

Discussion

The aim of this study was to test the hypothesis that the projections to visual

cortex from the intralaminar nuclei are essential for experience-dependent

cortical modificaticns. To that end, we prepared animals wiih complete lesions

of chose portions of the intralaminar nuclei that anatomical studies have shown

to project directly to the visual cortex (Cunningham and LeVay, 1986; Bear and

Singer, unpublished observations). In no case did we find that the plastic

response to 7-10 days of monocular deprivation'was affected by the thalamic

lesions. We conclude that iniact intralaminar thalamocortical projections are not

required for the normal expression of ocular dominance plasticity.

The unilateral lesions of the thalamus also produced no detectable asymmetry

in the visual responsiveness of individual cortical neurons. This was

unexpected, since tonic discharges of intralaminar neurons are commonly

believed to increase the responsiveness of cortical neurons to sensory stimuli

(Singer, 1979). One possible explanation for this could be that the intralaminar
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projection is inactive under the anesthetic conditions used in our physiological

recordings. Perhaps recordings in chronically-implanted awake animals would

have revealled a deficit i1n visual responsiveness in the hemispheres ipsilateral

to the lesions. However, in addition, we observed no asymmetry in the MRF

facilitation of the cortical response evoked by stimulation of the optic chiasm.

The poiysynaptic components of the evoked potential, believed to be modulated

by the "non-specific" cortical projections (Singor et al., 1976; Singer, 1979),

were facilitated on both sides. These results suggest that other widely

projecting subcortical cell groups make an important contribution to the reticular

activation of visuai cortex.

The i'esults of the present study contrast with a previous study in which the

anterior dorso-medial thalamus was aspirated in dark-reared kittens (Singer,

1982). The surgical lesions were found to retard the experience-dependent

development of area 17, including the acquisition of neuronal selectivity and

responsivenes as well as the modification of binocular connections after

prolonged periods of monocular exposure.

How might this apparent discrepency be explained? Both the surgical (Singer,

1982) and chemical (present study) lesions were made in the hemispheres

contralateral to the deprived eye, both involved the intralaminar nuclei which

project directly to visual cortex, and both produced a pronounced motor

asymmetry. These factors are therefore an unlikely basis for the different

results. However, surgical removal of the medial thalamus did produce a

severe disruption of the pattern of cortical activation normally seen after

electrical stimulation of the MRF (Singer, 1982), an effect not observed in the

present study. This difference is probably due to the fact that the surgical
8



lesions disrupted fibers that traverse the medial thalamus, fibers which were

spared by the excitotoxin lesions. It is possible that these same fibers convey

signals which promote experience-dependent modifications of visual cortex.

One candidate for this hypothetical projection is the ascending cholinergic

projection from the midbrain to the basal telencephalon (Woolf and Butcher,

1986).

Recently, we discovered thet surgica! transection of the white matter of the

cingulate gyrus (the cingulum bundle) will retard the ocular dominance shift in

area 17 that normally results from brief periods of monocular deprivation (Bear

and Singer, 1986). These data suggest that a common final path of extra-retinal

influences over visual cortical modification may be the cingulum bundle. We

know that two components of this pathway are a cholinergic projection from the

basal telencephalon and a noradrenergic projection from the locus coeru!eus.

Subcortical lesions of these two projections also interfere with OD

modifications. Perhaps the surgical lesions of the thalamus affected OD

plasticity by disrupting, directly or indirectly, the cholinergic and noradrenergic

inputs to visual cortex. This hypothesis awaits testing.

The present study demonstrates that intralaminar projections are not essential

for the modification of visual cortex by experience. However, this is not to say

that this system does not contribute importantly to the extra-retinal modulation of

cortical plasticity. We have obtained evidence very recently which indicates that

ocular dominance modifications require the activation of cortical N-methyl-D-

aspartate (NMDA) receptors (Kleinschmidt et al., 1987). NMDA receptors

normally become effective only upon sufficient postsynaptic membrane

depolarization (Dingledine, 1983). Thus, intralaminar, basal forebrain and

9
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noradrenergic projections could all facilitate synaptic modifications by raising

cortical excitability enough for NMDA recepiors to become active. It may be that

only upon the removal of two or more of these systems is cortica! activity

reduced sufficiently to interfere with this mechanism of synaptic modification.
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Table

Animal Rearing Lesion MD N U B OED

K162L NR 35 35-45 31 5 .19 .86

K161L NR 31 34-41 30 7 .42 .58

K163L NR 36 36-46 33 2 .33 .66

K180L DR 26 26-32 30 3 .15 .78 [
K181 L DR 26 26-34 21 3 .33 .81

K182L DR 26 26-39 29 1 .43 .70

Indicated for each kitten studied are the type of rearing conditions experienced

before the thalamic lesion (NR: normal rearing; DR: dark-rearing), the age when

the lesion was made (in days postnatal); the period of monocular deprivation

(MD, in days postnatal); the total number of units studied in the striate cortex (N),

the number of units which were unclassifiable with visual stimuli (U), the L
binocularity (B, defined as the number of cells in OD groups 2-4 divided by the

total number of classifiable cells), and the open eye dominance (OED, defined

as the number of cells in the monocular open eye group (group 5) plus 0.5x the

number of cells in group 4 divided by the total number of classifiable neurons).

The mean OED of the experimental hemispheres was 0.75 ± 0.04 (SEM) which

is not significantly different from the value calculated from the control

hemispheres of a previous study (OED= 0.77 . 0.04, n = 8, Bear and Singer,

1986).
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Figure Legends

Figure 1: .) Ocular dominance histogram from a kitten (K162, table 1) that

received a thalamic lesion on postnatal day 35 and was subsequently

monocularly deprived. 10 days of MD shifted the OD profile strongly to the

groups dominated by the non-deprived eye (groups 4 & 5). (B) Reconstruction

of the lesion that resulted from the injection of NMA into the thalamus. The

regions of neuronal cell loss are indicated by hatching. The lesion included the

portions of the intralaminar nuclei that project to visual cortex (Cunningham and

LeVay, 1986; Bear and Singer, unpublished observations). Abbreviations: AV:

anterior ventral nucleus; AM anterior medial nucleus; Ca: caudate; CL: central

lateral nucleus; CM: centre m6dian nucleus; CP: cerebral peduncle; ENT:

entopeduncular nucleus; GL: lateral geniculate nucleus; GM: medial geniculate

nucleus; Ha: habenula; IC: internal capsule; LA: lateral anterior nucleus; LP:

;ateral posterior nucleus; MID: medial dorsal nucleus; OT: optic tract; PC:

paracentral nucleus; Pul: pulvinar nucleus; R: reticular nucleus; VA: ventral

anterior nucleus; VB: ventrobasal complex; VL: ventral lateral nucleus; VM:

ventral medial nucleus.

Figure 2: Low magnification (5x) photomicrograph of a coronal section through

the thalamus of kitten K163 stained for Nissl substance. The NMA lesion

appears as a dark region due to gliosis. Note that the region of neuronal cell

loss includes the anterior intralaminar nuclei, CL and PC, on the left side. See

figure 1 for abbreviations.
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Fig. . Low magnification (5 x) photomicrograph of a coronal
section throuieh the thalamus of kitten K163 stained for Niss5l
su'bstance. The NNIA lesion appears as a dark region due to
gliosis. Note that the region of neuronal cell loss includes the

anterior intralar~iinar nuclei. CL and PC. on the lett side. See


